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(57) A rubber-reinforced styrene transparent resin 
composition contains a styrene copolymer reinforced 
with a rubber polymer, wherein the monomer composi- 
tion of an acetone soluble resin component contained 
in the resin composition contains 5 to 70% by weight of 



aromatic vinyl monomer (a1) s 30 to 95% by weight of 
unsaturated carboxylic acid alkyl ester monomer (a2), 
0 to 50% by weight of vinyl cyanide monomer (a3), and 
0 to 50% by weight of another monomer copolymeriza- 
ble with these monomers, and the acid value of the ac- 
etone soluble resin component is 0.01 to 1 mgKOH/g. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

[0001] The present invention relates to a rubber-reinforced styrene transparent resin composition having well-bal- 
anced and excellent transparency, color tone, impact resistance, stiffness, and chemical resistance. The present in- 
vention also relates to a method of efficiently producing the resin composition. 

10 

Description of the Related Art 

[0002] Rubber-reinforced styrene transparent thermoplastic resins using rubber-containing graft copolymers, which 
are obtained by graft-copolymerizing a vinyl monomer with a rubber polymer such as diene rubber or the like, have 

15 excellent impact resistance, moldability, appearance, etc., and are thus widely used for various applications such as 
OA equipment, household electrical goods, general merchandise, etc. Examples of the vinyl monomer include aromatic 
vinyl compounds such as styrene, a-methyl styrene, and the like; unsaturated carboxylic acid esters such as methyl 
methacrylate and the like; vinyl cyanides such as acrylonitrile, methacrylonitrile, and the like. 
[0003] In recent years, the rubber-reinforced styrene transparent thermoplastic resins have been increasingly re- 

20 quested to have an improved physical property balance between impact resistance and stiffness while maintaining 
excellent transparency and color tone, and many attempts have been made so far. However, in the present situation, 
a satisfactory level is not yet achieved. 

[0004] For example, Japanese Unexamined Patent Publication Nos. 60-120734, 61 -43643, 62-1 64745 and 3-1 13715 
disclose methods for improving physical properties such as impact resistant, etc. by copolymerizing an acid component 

25 such as methacrylic acid or the like with a matrix resin. However, the resultant resin compositions have the problems 
of poor transparency and color tone because the amount of an acid component is excessively large. 
[0005] Also, Japanese Unexamined Patent Publication Nos. 7-292205 and 8-1 34298 disclose that a graft copolymer 
is added to a melted matrix resin obtained by continuous bulk polymerization to produce an ABS resin having an 
excellent color tone and an excellent physical property balance between impact resistance and stiffness. However, 

30 these publications do not disclose application to high-transparency resin compositions, and in application of the method 
proposed in the publications to the high-transparency resin compositions, the effect on the color tone and the physical 
property balance between impact resistance and stiffness is not yet satisfactory. 

[0006] In the present situation, application of such a transparent ABS resin is restricted due to the low resistance to 
chemicals such as an organic solvent, and solvents such as a detergent, and the like. 
35 [0007] As a means for improving the chemical resistance of a general ABS resin without transparency, it is generally 
known to increase the content of a vinyl cyanide compound, and various so-called highly nitrile-containing thermoplastic 
resin compositions are proposed. 

[0008] Resin compositions generally known from the viewpoint of improvement in chemical resistance include resin 
compositions (Japanese Unexamined Patent Publication Nos. 4-25861 9 and 5-78428) in which the graft ratio of a graft 
to copolymer is defined, highly nitrile-containing thermoplastic resin compositions (Japanese Unexamined Patent Publi- 
cation No. 4-126756) in which a matrix component comprises a methacrylate ester as an essential component, and 
the like. 

[0009] However, the above-described conventional highly nitrile-containing thermoplastic resin compositions have 
different rates of reaction between an aromatic vinyl compound and a vinyl cyanide compound, thereby causing diffi- 
45 culties in obtaining polymers having a homogeneous composition. Therefore, the thermoplastic resin compositions 
each comprising a copolymer composed of an aromatic vinyl compound and a vinyl cyanide compound are easily 
yellowed during molding to cause the problem of deteriorating quality due to discoloration. 

[001 0] In this way, the technique of improving chemical resistance by increasing the nitrile content easily causes the 
problem of discoloration and deterioration in transparency due to an increase in the nitrile content. Therefore, appli- 
50 cation of the technique of increasing the nitrile content to transparent ABS is conventionally thought to cause fatal 
defects in transparent resin products. 

[0011] Therefore, the highly nitrile-containing thermoplastic resin compositions having excellent and balanced trans- 
parency, chemical resistance and color stability have not yet been obtained. 

[0012] A known method of producing a thermoplastic resin composition represented by an ABS resin, which is ob- 
55 tained by mixing a vinyl copolymer and a graft copolymer, comprises polymerizing a vinyl monomer to produce each 
of the vinyl copolymer and the graft copolymer, and then mixing both polymers by heat melting. An example of the 
mixing method comprises mixing the vinyl copolymer and the graft copolymer and then melting the mixture by using 
the melt blending apparatus shown in Fig. 3. 
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[0013] Fig. 3 is a schematic longitudinal sectional view showing an example of a melting twin-screw blending appa- 
ratus for blending the vinyl copolymer and the graft copolymer. In this apparatus, the vinyl copolymer and the graft 
copolymer are quantitatively supplied to a blending hopper 9 through a feed hoppers 7 and 8. respectively A resin 
powder obtained by blending in the blending hopper 9 is supplied to a melt blending apparatus 1 0 at a constant rate 
and kneaded and transferred under heat-melting in a system which is heated to a predetermined temperature (230°C 
or more) required for melt blending. After the elapse of a predetermined time, the product is discharged from a discharge 
port 6 at a constant rate. a 
[0014] in the apparatus, from the viewpoint of temperature and time, the vinyl copolymer and the graft copolymer 

to m 6 I ♦! S3 T thSmial hiSt0r * thUS excessive tnermal hist °ry is applied to the graft copolymer to cause the 
'° fault that the color deteriorates. 

[0015] On the other hand, some methods are proposed to decrease the thermal history, in which a graft copolymer 
is continuously added to and mixed with an as-polymerized copolymer (A) in a melt state to produce a thermoplastic 
resin composition ,n a process of producing a vinyl copolymer by continuous bulk polymerization (for example Japa- 
nese Unexamined Patent Publication Nos. 7-292205 and 8-134298). ' 
15 [0016] However, a balance between a color tone and impact resistance is not easily obtained only by the method 
disclosed ,n these publications, and further improvement is desired earnestly for stably producing a resin composition 
having excellent total quality. 

[001 7] Furthermore, some methods are proposed for improving the balance between a colortone. impact resistance 
stiffness etc. and productivity of a rubber reinforced thermoplastic resin, and improving the transparency of a rubber 
reinforced thermoplastic resin having transparency, in which a highly rubber-containing polymer is added to and mixed 
with a melted copolymer in a continuous bulk polymerization or continuous solution polymerization process (Patent 
Application No. 3109378, Japanese Unexamined Patent Publication No. 2000-178405) 

[001 8] This method can improve dispersibility of the highly rubber-containing polymer in the rubber-reinforced ther- 
moplastic resin. However, particularly in production of a low-viscosrty type having low shear force in a melt kneading 
zone in an extruder, the appearance is defective due to poor dispersibility of the highly rubber-containing polymer and 
rnofo/ 3 P r °P ert y balance between impact resistance, stiffness, etc. is slightly insufficient in some cases ' 
[0019] Therefore, a rubber-reinforced thermoplastic resin having an excellent balance between appearance color 
tone, impact resistance, stiffness, etc. , and excellent transparency has not yet been obtained. 

30 SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to resolve the disadvantages of the conventional techniques and provide 
a rubber-reinforced styrene resin composition having well-balanced and excellent transparency, color tone impact 
resistance, stiffness and chemical resistance, and a method of efficiently producing the same 
35 [0021] The present invention provides a rubber-reinforced styrene transparent resin composition comprising a sty- 
rene copolymer reinforced with a rubber polymer, wherein the monomer composition of an acetone soluble resin com- 
ponent contained m the resin composition comprises 5 to 70% by weight of aromatic vinyl monomer (a1) 30 to 95% 
by weight of unsaturated carboxylic acid alkyl ester monomer (a2), 0 to 50% by weight of vinyl cyanide monomer (a3) 
and 0 to 50% by weight of another monomer copolymerizable with these monomers, and the acid value of the acetone 
soluble resin component is 0.01 to 1 mgKOH/g. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] 



Fig. 1 is a schematic longitudinal sectional view showing an apparatus for carrying out a method of the present 
invention according to an embodiment of the present invention; 

Fig. 2 is a schematic cross-sectional view of the twin screw extruder type monomer remover shown in Fig 1 ■ 
Fig 3 is a schematic longitudinal sectional view showing an example of a melting twin-screw blending apparatus 
for blending a vinyl copolymer and a graft copolymer; and 

Fig. 4 is a schematic longitudinal sectional view illustrating a 1/4 elliptical tool used for evaluating chemical resist- 
ance, and the method of using the tool. 



[Reference Numerals] 
[0023] 

1 : reactor 
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2: preheater 

3: monomer remover 

4: melt blending portion 

5: feeder 

6; discharge port 

7, 8; feed hopper 

9: blending hopper 

1 0: melt blending apparatus 

11 : helical ribbon wing 

12: vent port 

13: water inlet 

14: vent port 

15, 15': screw 

1 6: inner wall of the barrel 

17: actual volume space in the apparatus 

18: 1/4 elliptical tool 

19: test piece 

20: chemical coated surface 
21: crack 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] The term "rubber polymer" represents a rubber-like polymer represented by diene rubber, and it will be de- 
scribed in detail below. The term "styrene copolymer" means a copolymer obtained by copolymerizing styrene or a. 

25 derivative thereof with another copolymerizable component. An example of the styrene derivative and other copolym- 
erizable component is a vinyl monomer mixture containing an aromatic vinyl monomer such as a-methyl styrene, or 
the like; an unsaturated carboxylic acid ester monomer such as methyl methacrylate, or the like; a vinyl cyanide mon- 
omer such as acrylonitrile, methacrylonitrile, or the like. The above-described monomers are copolymerized with the 
rubber polymer to obtain a resin composition provided with impact resistance. The resin composition of the present 

so invention is required to have high transparency, and preferably has a total light transmittance of 50% or more, which 
is measured by the measurement method described below. Namely, a so-called transparent MBS resin or transparent 
ABS resin is preferably used. Particularly, the resin composition preferably comprises 10 to 95 parts by weight of 
copolymer (A) obtained by copolymerizing a vinyl monomer mixture (a), and 90 to 5 parts by weight of graft copolymer 
(B) obtained by graft-polymerizing a vinyl monomer mixture (c) in the presence of a rubber polymer (b). Each of the 

35 vinyl monomer mixtures (a) and (c) is preferably a monomer mixture containing 5 to 70% by weight of aromatic vinyl 
monomer (a1), 30 to 95% by weight of unsaturated carboxylic acid alkyl ester monomer (a2), 0 to 50% by weight of 
vinyl cyanide monomer (a3) and 0 to 50% by weight of another monomer (a4) copolymerizable with these monomers, 
and containing substantially no unsaturated carboxylic acid monomer (except the unsaturated carboxylic acid alkyl 
ester monomer (a2)) (a5). 

40 [0025] In the present invention, it is important that the acetone soluble resin component contained in the resin com- 
position comprises the monomer composition containing 5 to 70% by weight of aromatic vinyl monomer (a1), 30 to 
95% by weight of unsaturated carboxylic acid alkyl ester monomer (a2), 0 to 50% by weight of vinyl cyanide monomer 
(a3), and 0 to 50% by weight of another monomer (a4) copolymerizable with these monomers, and that the acid value 
of the acetone soluble resin component is 0.01 to 1 mgKOH/g. 

45 [0026] Furthermore, in the composition distribution of weight ratios Mst^mma) of tne aromatic vinyl monomer (a1) 
to the unsaturated carboxylic acid alkyl ester monomer (a2) in the monomer composition which constitutes the acetone 
soluble resin component, 80% by weight or more of the acetone soluble resin component preferably lies in the range 
of 0.75 to 1 .2 times as large as the average weight ratio (^st^mma) ' n order to suppress deterioration of the transparency 
of the resin composition when the resin composition contains an acid component produced by hydrolysis of the un- 

50 saturated carboxylic acid alkyl ester monomer (a2). Also, more preferably 90% by weight or more, and most preferably 
95% by weight or more, of the acetone soluble resin component lies in the range of 0.75 to 1 .2 times as large as the 
average value. 

[0027] In order to obtain the resin composition having well-balanced and excellent transparency, color tone, impact 
resistance, etc., the monomer composition of the acetone soluble resin component preferably lies in the above range. 
55 [0028] The content of the aromatic vinyl monomer (a1 ) contained in the monomer composition of the acetone soluble 
resin component is 5 to 70% by weight. With a content of less than 5% by weight, the resultant resin composition 
exhibits poor impact resistance, while with a content of over 70% by weight, the transparency deteriorates. From the 
viewpoint of impact resistance and transparency, the content is preferably 9 to 50% by weight, and more preferably 
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14 to 35% by weight. 

[0029] The amount of the unsaturated carboxylic acid alkyl ester monomer (a2) of the acetone soluble resin com- 
ponent is 30 to 95% by weight of the total monomer composition thereof. With an amount of less than 30% by weight, 
the resultant resin composition exhibits poor transparency, while with an amount of over 95% by weight the impact 
5 resistance deteriorates. From the viewpoint of impact resistance and transparency, the amount is preferably 35 to 90% 
by weight, and more preferably 40 to 85% by weight. 

[0030] The amount of the vinyl cyanide monomer (a3) of the acetone soluble resin component is 0 to 50% by weight 
of the total monomer composition thereof. With an amount of over 50% by weight, the color tone deteriorates From 
the viewpoint of color tone and impact resistance, the amount is preferably 0.1 to 45% by weight, and more preferably 
10 1 to 40% by weight. y 

[0031] The amount of the other monomer (a4) copolymerizable with the above monomers is 0 to 50% by weight. 
With an amount of over 50% by weight, the object of the present invention cannot be achieved. 
[0032] In order to obtain well-balanced and excellent transparency, color tone, impact resistance and chemical re- 
sistance, the monomer composition of the acetone soluble resin component preferably comprises 5 to 40% by weight 
of aromatic vinyl monomer (a1 ), 30 to 85% by weight of unsaturated carboxylic acid alkyl ester monomer (a2) 1 0 to 
50% by weight of vinyl cyanide monomer (a3), and 10 to 50% by weight of another monomer (a4) copolymerizable 
with these monomers. The monomer composition more preferably comprises 9 to 40% by weight of aromatic vinyl 
monomer (a1), 35 to 85% by weight of unsaturated carboxylic acid alkyl ester monomer (a2). 10 to 45% by weight of 
vinyl cyanide monomer (a3), and 0 to 40% by weight of another monomer (a4) copolymerizable with these monomers. 
The monomer composition most preferably comprises 1 4 to 35% by weight of aromatic vinyl monomer (a1 ), 40 to 75% 
by weight of unsaturated carboxylic acid alkyl ester monomer (a2), 10 to 40% by weight of vinyl cyanide monomer 
(a3), and 0 to 40% by weight of another monomer (a4) copolymerizable with these monomers. 
[0033] The composition of the acetone soluble resin component may be determined by the following peaks appearina 
in a FT-IR chart. 

• Aromatic vinyl monomer (a1 ): Peak at 1 605 cnr 1 attributed to vibration of a benzene nucleus; 
- Unsaturated carboxylic acid alkyl ester monomer (a2): Peak at 3460 cm-1 which is an overtone peak of a peak at 
1 730 cm* 1 attributed to stretching vibration of a carbonyi group C=0 of the ester; 
Vinyl cyanide monomer (a3): Peak at 2240 cm" 1 attributed to -C=N stretching. 

[0034] The acetone soluble resin component mainly comprises resin components derived from the copolymer (A), 
but partially contains the resin components derived from a copolymer portion in the graft copolymer (B) obtained by 
polymerizing the vinyl monomer mixture (c). Therefore, in order to control the composition of the acetone soluble resin 
component in the above-described range, it is effective to control the composition of the copolymer (A), which consti- 
tutes the main component, in the above-described predetermined range. Furthermore, the composition of the copoly- 
mer portion obtained by polymerizing the vinyl monomer mixture (c) is preferably controlled in the above predetermined 
range. 

[0035] The condition of the composition distribution of weight ratios (^st^mma) of the aromatic vinyl monomer (a1) 
to the unsaturated carboxylic acid alkyl ester monomer (a2), which constitute the acetone soluble resin component, in 
which 80% by weight or more of the acetone soluble resin component lies in the range of 0 75 to 1 .2 times as large 
as the average weight ratios <<(>st^>mma)> represents that the acetone soluble resin component has a narrow composition 
distribution. The condition of the composition distribution is preferred for further increasing the transparency of the 
resin composition. 

[0036] In the resin composition of the present invention, a small amount of acid component copolymerized with the 
matrix resin provides preferred physical properties. Therefore, it is important that the acetone soluble resin component 
of the resin composition has an acid value of 0.01 to 1 mgKOH/g. With an acid value of less than 0.01 mgKOH/g, the 
balance between the impact resistance and stiffness, which is characteristic of the present invention, is not improved, 
while with an acid value of over 1 mgKOH/g, the color tone of the obtained resin composition significantly deteriorates! 
Therefore, from the viewpoint of the color tone and physical property balance, the acid value is preferably 0.01 2 to 0.5 
mgKOH/g, and more preferably 0.015 to 0.1 mgKOH/g. 

[0037] The method of controlling the acid value in the above range is not limited, but from the viewpoint of minimization 
of deterioration in the colortoneof the resultant resin composition, it is particularly preferred to use a monomer mixture 
substantially no acid monomer such as an unsaturated carboxylic acid monomer (except the unsaturated carboxylic 
acid alkyl ester monomer (a2)) (a5) orthe like as the vinyl monomer mixture (a) used as a raw material forthe copolymer 
(A) and/or the vinyl monomer mixture (c) used as a raw material for the graft copolymer (B), and the unsaturated 
carboxylic acid alkyl ester monomer (a2) is hydrolyzed to control the acid value of the resultant resin composition in 
the above range during the production process. The condition in which the monomer mixture contains substantially no 
acid monomer means that the acid value of the vinyl monomer mixture (a) and/orthe vinyl monomer mixture (c) is less 
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than 0.01 mg, preferably 0.007 mg or less. Particularly: both the vinyl monomer mixture (a) and the vinyl monomer 
mixture (c) contain no acid monomer such as an unsaturated carboxylic acid monomer (except the unsaturated car- 
boxylic acid alkyl ester monomer (a2)) (a5) or the like, and have an acid value of less than 0.01 mg, more preferably 
0.007 mg or less. 

5 [0038] The physical properties of the acetone soluble resin component of the resin composition of the present in- 
vention are not limited as long as the above-described necessary conditions are satisfied. However, from the viewpoint 
of transparency of the resin composition, the refractive index is preferably substantially the same as or slightly deviates 
from the refractive index of the rubber polymer (b). More specifically, the difference in refractive index between the 
copolymer (A) and the rubber polymer (b) is preferably suppressed to the range of 0.03 or less, more preferably 0.01 

10 or less, 

[0039] The monomer composition which constitutes the acetone soluble resin component of the resin composition, 
and the preferred monomer composition which constitutes the copolymer (A) and the graft component (b) of the graft 
copolymer (B) are specified by using the aromatic vinyl monomer (a1), the unsaturated carboxylic acid alkyl ester 
monomer (a2), the vinyl cyanide monomer (a3), and the other monomer (s4) copolymerizable with these monomers. 

15 Each of the monomers includes the following compounds. 

[0040] Examples of the aromatic vinyl monomer (a1 ) include styrene, a-methyl styrene, p-methyl styrene, vinyl tol- 
uene, t-butyl styrene, o-ethyl styrene. o-chlorostyrene, o,p-dichiorostyrene, and the like. Particularly, styrene and a- 
methyl styrene are preferred. These compounds can be used singly or in a mixture of at least two compounds, 
[0041] Examples of the unsaturated carboxylic add alkyl ester monomer (a2) include methyl (meth)acrylate, ethyl 

20 (meth) aery late, n-propyl (meth)acrylate, n-butyl (meth)acrylate, t-butyl (meth)acrylate, cyclohexyl (meth)acrylate, n- 
hexyl (meth)acrylate, hydroxyethyl (meth)acrylate, glycidyl (meth)acrylate, hydroxyethyl (meth)acrylate, chloromethyl 
(meth)acrylate, 2-chloroethyl (methyacrylate, and the like. Particularly, methyl methacrylate is preferred. These com- 
pounds can be used singly or in a mixture of at least two compounds. 

[0042] Examples of the vinyl cyanide monomer (a3) include acrylonitrile, methacrylonitrile, ethacrylonitrile, and the 
25 like. Particularly, acrylonitrile is preferred. These compounds can be used singly or in a mixture of at least two com- 
pounds. 

[0043] Examples of the other monomer (a4) copolymerizable with the monomers include maleimide compounds 
such as N-methylmaleimide, N-cyclohexylmaleimide, N-phenylmaleimide, and the like; unsaturated amides such as 
acrylamide and the like. These compounds can be used singly or in a mixture of at least two compounds. 

30 [0044] Although the composition of the vinyl monomer mixture (a) used as the polymerization raw material of the 
copolymer (A) is not limited, the monomer composition preferably comprises 5 to 70% by weight of the aromatic vinyl 
monomer (a1), 30 to 95% by weight of the unsaturated carboxylic acid alkyl ester monomer (a2), 0 to 50% by weight 
of the vinyl cyanide monomer (a3), and 0 to 50% by weight of the other monomer (a4) copolymerizable with these 
monomers. From the viewpoint of impact resistance, the monomer composition more preferably comprises 9 to 50% 

35 by weight of the aromatic vinyl monomer (a1), 35 to 90% by weight of the unsaturated carboxylic acid alkyl ester 
monomer (a2), 0.1 to 45% by weight of the vinyl cyanide monomer (a3), and 0 to 50% by weight of the other monomer 
(a4) copolymerizable with these monomers. The monomer composition most preferably comprises 14 to 35% by weight 
of the aromatic vinyl monomer (a1), 40 to 85% by weight of the unsaturated carboxylic acid alkyl ester monomer (a2), 
1 to 40% by weight of the vinyl cyanide monomer (a3), and 0 to 50% by weight of the other monomer (a4) copolym- 

40 erizable with these monomers. 

[0045] In order to achieve well-balanced and excellent transparency, color tone, impact resistance and chemical 
resistance, the composition of the vinyl monomer mixture (a) and/or the vinyl monomer mixture (c) preferably comprises 
5 to 40% by weight of the aromatic vinyl monomer (a1 ), 30 to 80% by weight of the unsaturated carboxylic acid alkyl 
ester monomer (a2), 10 to 50% by weight of the vinyl cyanide monomer (a3), and 0 to 40% by weight of the othGr 

45 monomer (a4) copolymerizable with these monomers. The composition more preferably comprises 9 to 40% by weight 
of the aromatic vinyl monomer (a1 ), 35 to 85% by weight of the unsaturated carboxylic acid alkyl ester monomer (a2), 
1 0 to 45% by weight of the vinyl cyanide monomer (a3), and 0 to 40% by weight of the other monomer (a4) copolym- 
erizable with these monomers. The composition most preferably comprises 1 4 to 35% by weight of the aromatic vinyl 
monomer (a1), 40 to 75% by weight of the unsaturated carboxylic acid alkyl ester monomer (a2), 10 to 40% by weight 

so of the vinyl cyanide monomer (a3), and 0 to 40% by weight of the other monomer (a4) copolymerizable with these 
monomers. 

[0046] The vinyl monomer mixture (a) particularly preferably contains substantially no acid monomer such as an 
unsaturated carboxylic acid monomer (except the unsaturated carboxylic acid alkyl ester monomer (a2)) (a5) or the 
like in order to obtain the desired level of acid value of the acetone soluble resin component of the resin composition, 
55 and improve the color tone. The terms "contains substantially no acid monomer" mean that the acid monomer is in- 
tentionally not added to the monomer mixture. For example, the addition of 0.0.1% or more to the monomer mixture 
(a) can be considered as intentional addition. Less than 0.01% of unsaturated carboxylic acid which is derived from 
impurities of each of the monomers of the monomer mixture (a), for example, an unsaturated carboxylic acid contained 
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as impurities in the unsaturated carboxylic acid alkyl ester monomer (a2), is a component unintentionally added As 
the unsaturated carboxylic acid monomer (a5) 5 acrylic acid : methacrylic acid, and the like are exemplified 
[0047] Each of the monomers of the vinyl monomer mixture (a) is preferably selected so that the solubility parameter 
of the copolymer (A) is 10.5 to 12.5 (cal/ml)i*. T he solubility parameter is defined by the following equation 



6 = (XAEi.X/£AVn>X) 1/2 



6: Solubility parameter of the copolymer (A) ((cal/m!) 1/2 ) 
™ X: Molar fraction (%) of the copolymer component constituting the copolymer (A) 

AEi: Evaporation energy (cal/mdl) of the copolymer component constituting the copolymer (A) 
AVm: Molecular volume (ml/mol) of the copolymer component constituting the copolymer (A) 

[0048] The above equation and the numerical values of AEi and AVm are cited from H. Burrell, Offic Dig A J 
15 Tortorello : M. A. Kinsella, J. Coat. Technol. From the viewpoint of the chemical resistance and mechanical properties 
of the thermoplastic resin composition, the solubility parameter of the copolymer (A) is preferably 10 5 to 12 5 (cal/ 
ml) 1/2 t and more preferably 10.7 to 12.3 (cal/ml) 1/2 . 

[0049] Although the intrinsic viscosity of the copolymer (A) is not limited, the intrinsic viscosity is preferably 0 05 to 
1 .2 dl/g, more preferably 0.15 to 0.8 dl/g 3 from the viewpoint of the balance of impact resistance and moldability. 
20 fOOSO] In the composition distribution of weight ratios (4> ST /(|> MMA ) of the aromatic vinyl monomer (a1 ) to the unsatu- 
rated carboxylic acid alkyl ester monomer (a2) of the copolymer (A), 80% by weight or more of the copolymer (A) lies 
in the range of 0.75 to 1 .2 times as large as the average weight ratio (<|) ST /(t) MMA ). 

[0051] Although the refractive index of the copolymer (A) is not limited, from the viewpoint of transparency of the 
resultant resin composition, the difference in refractive index from the rubber polymer (b) is preferably 0 03 or less 
25 more preferably substantially the same as the rubber polymer (b). In order to obtain such a refractive index, the com- 
position of the vinyl monomer mixture (a) may be controlled. 

[0052] As the copolymer (A), one or not less than two copolymers may be used. In the use of a blend comprising at 
least two copolymers, it is preferred from the viewpoint of transparency of the resin composition that the components 
are optically uniformly dispersed, and the refractive index of the copolymer (A) as a whole is controlled to satisfy the 
30 above condition. 7 

[0053] The copolymer (A) is produced by any desired method such as a known emulsion polymerization method 
suspension polymerization method, continuous bulk polymerization method, or continuous solution polymerization 
method, or the like. However, in order to achieve a narrow composition distribution of Wst^mma) »n which 80% by 
weight or more of the copolymer (A) lies in the range of 0.75 to 1.2 times as large as the average weigh ratio (<|> ST / 
$mma)> and as mentioned below, in order to achieve a low content of the triple sequence of acryionitrile monomer units 
present in the copolymer (A) and in the acetone soluble resin component, the aqueous system suspension polymeri- 
zation method, continuous bulk polymerization method, or continuous solution polymerization method is preferred. The 
continuous bulk polymerization method or continuous solution polymerization method is particularly preferred because 
the residual monomer composition in the system can be kept constant in a steady reaction state, and thus the properties 
of the resin composition of the present invention can easily be controlled to predetermined values. 
[0054] The process for producing the copolymer (A) by copolymerizing the vinyl monomer mixture (a) by continuous 
bulk polymerization or continuous solution polymerization is not limited, and any desired method can be used. For 
example, a method comprising polymerization in a polymerization vessel, and then monomer removal (solvent removal 
. and devolatllization) can be used. 

[0055] As the polymerization vessels, mixing-type polymerization vessels comprising any of various stirring wings 
such as paddle wings, turbine wings, propellant wings, pull-margin wings, multi-stage wings, anchor wings. "Max blend" 
wings, double helical wings, and the like, and various column type reactors can be used. Also, shell and tube reactors 
kneader reactors, twin screw extruders, and the like can be used as the polymerization reactor (refer to. for example 
Assessment 1 0 of Polymer Production Process "Assessment of Impact-Resistant Polystyrene", The Society of Polymer 
Science, Japan, January 26, 1989). These polymerization vessels (reactors) are used singly or in a combination of at 
least two vessels, and a combination of at least two types of reactors is used according to demand. Particularly, from 
the viewpoint of the narrow composition distribution of the acetone soluble resin component of the obtained' resin 
composition, a single complete mixing type polymerization vessel is preferably selected. 

[0056] The reaction mixture obtained by polymerization in the polymerization vessel or reactor is generally supplied 
into the monomer removing step of removing the monomers, the solvent and other volatile components. Examples of 
the method of removing the monomers include the method of removing the volatile components through a vent port 
by using a single screw or twin screw extruder having vents under heating at atmospheric or reduced pressure, the 
method of removing the volatile components by using a vaporizer comprising a centrifugal plate-fin type heater con- 
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tained in a drum, the method of removing the volatile components by a centrifugal thin film vaporizer, the method of 
removing the volatile components by pre-heating and foaming with a multi-pipe heat exchanger and then flashing into 
a vacuum vessel, and the like. Although any one of these methods can be used, the single screw or twin screw extruder 
having vents is particularly preferably used. 

[0057] In continuous bulk pofymerization or solution polymerization of the copolymer (A), thermal polymerization 
without using an initiator, initiator polymerization using an initiator, or a combination of the thermal polymerization and 
the initiator polymerization may be performed. As the initiator, a peroxide or azo compound, Dr the like can be used. 
[0058] Examples of the peroxide include benzoyl peroxide, cumene hydroperoxide, dicumyl peroxide, diisopropyl- 
benzene hydroperoxide, t-butyl hydroperoxide, t-butylcumyl peroxide, t-butyl peroxy acetate, t-butyl peroxybenzoate, 
t-butyl peroxyisopropylcarbonate, di-t-butyl peroxide, t-butyl peroctate, 1 ,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohex- 
ane, 1 ,1 -bis(t-butylperoxy)cyclohexane, t-butylperoxy-2-ethyl hexanoate, and the like. Particularly, cumene hydroper- 
oxide and 1 ,1 -bis (t-buty Iperoxy) -3,3 ,5-trimethylcyclohexane are preferably used. Examples of the azo compound in- 
clude azobisisobutyronitrile, azobis(2 ( 4-dimethylvaleronitrile), 2-phenylazo-2,4-dimethyl-4-methoxyvaleronitrile ! 2-cy- 
ano-2-propylazof otTnamide J , 1 '-azobiscyclohexan 

thyl^^'-azobisisobutylate, 1 -t-butylazo-1 -cyanocyclohexane, 2-t-buryiazo-2-cyanobutane, 2-t-butylazo-2-cyano- 
4-methoxy-4-methylpentane, and the like. These initiators are used singly or a combination of at least two compounds. 
Particularly, 1 .1'-azobiscyclohexane-l-carbonitrile is preferably used. 

[0059] In order to control the degree of polymerization of the copolymer (A), achain transfer agent such as mercaptan, 
terpene or the like can be used. Examples of such a chain transfer agent include n-octyi mercaptan, t-dodecyl mer- 
captan, n-dodecyl mercaptan, n-tetradecyl mercaptan, n-octadecyl mercaptan, terpinolene, and the like. These chain 
transfer agents are used singly or in a combination of at least two compounds. Particularly, n~octyl mercaptan, t-dodecyl 
mercaptan, and n-dodecyl mercaptan are preferably used. 

[0060] In producing the copolymer (A) by the continuous solution polymerization method, the amount of the solvent 
used is not limited, but from the viewpoint of productivity, the amount of the solvent used is preferably 30% by weight 
or less, more preferably 20% by weight or less, relative to the polymerization solution. The solvent used is not limited, 
but from the viewpoint of polymerization stability, ethylbenzene and methyl ethyl ketone are preferably used, and ethyl- 
benzene is more preferably used. 

[0061] Although the rubber polymer (b) constituting the graft copolymer (B) is not limited in the present invention, 
diene rubber, acrylic rubber, ethylene rubber and the like can be used. Examples of the rubber polymer include polyb- 
utadiene, poly(butadiene-styrene), poly(butadiene-acrylonitrile), poiyisoprene, poly (butadiene-butyl acrylate), poly 
(butadiene-methyl acrylate), poly(butadiene-methyl methacrylate), poly(butadiene-ethyl acrylate), ethylene-propylene 
rubber, ethylene-propylene-diene rubber, poly(ethylene-isobutylene), poly(ethylene-methyl acrylate), polyethylene- 
methyl acrylate) and the like. These rubber polymers are used singly or in a combination of at least two polymers. 
Particularly, from the view point of the impact resistance, polybutadiene, poly(butadiene-styrene), poly(butadiene-acry- 
lonitrile), and ethylene-propylene rubber are preferably used. 

[0062] From the viewpoint of the impact resistance, moldabiiity, and fluidity of the resultant resin composition, the 
weight average particle diameter of the rubber polymer (b) is preferably 0.1 to 1 .5 jxm, more preferably 0.15 to 1 .2 ^m. 
[0063] The composition of the vinyl monomer mixture (c) used as the polymerization raw material of the graft com- 
ponent (d) of the graft copolymer (B) is not limited, but from the viewpoint of the color tone and the physical property 
balance between impact resistance and stiffness of the obtained resin composition, the composition preferably com- 
prises 5 to 70% by weight of the aromatic vinyl monomer (a1 ), 30 to 95% by weight of the unsaturated carboxylic acid 
alky I ester monomer (a2), 0 to 50% by weight of the vinyl cyanide monomer (a3), and 0 to 50% by weight of the other 
monomer (a4) copolymerizable with these monomers. The monomer composition constituting the vinyl monomer mix- 
ture (c) may be the same as or different from the vinyl monomer mixture (a) constituting the copolymer (A). 
[0064] Like the vinyl monomer mixture (a) used as the polymerization raw material of the styrene copolymer, the 
vinyl monomer mixture (c) preferably contains substantially no acid monomer such as an unsaturated carboxylic acid 
monomer (except the unsaturated carboxylic acid alkyl ester monomer (a2)) (a5) or the like in order to obtain the 
desired level of the acid value of the acetone soluble resin component of the resin composition and improve the color 
tone. The terms "contains substantially no acid monomer" represent the same as the vinyl monomer mixture (a) used 
as the polymerization raw material of the styrene copolymer. 

[0065] From the viewpoint of the transparency of the resultant resin composition, the composition of the vinyl mon- 
omer mixture (c) is preferably controlled so that the refractive index of the graft component (d) of the graft copolymer 
(B) is substantially the same as or slightly different from that of the rubber polymer (b). More specifically, the difference 
in refractive index between the graft component (d) and the rubber polymer (b) is preferably suppressed to 0.03 or 
less, more preferably 0.01 or less. 

[0066] As the graft copolymer (B), at least one copolymer can be used, but in the use of a blend comprising two or 
more copolymers, it is preferred from the viewpoint of the transparency of the resultant resin that the graft copolymer 
is preferably prepared so that the refractive index of the rubber polymer (b) contained in each component substantially 
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agrees with the graft component (d). 

[0067] The reduced viscosity (t^/c) of the graft component (d) constituting the graft copolymer (B) is not limited but 

J 7T mt ? ba ' anC6 betW6en thS imp3Ct rSSiStance and moldabilit y the viscistyYs prefer^ 

0.05 to 1 .2 dl/g, and more preferably 0.1 to 0.7 dl/g. y 

ITnL C ,T!T er (B) iS ° btained by 9 raft -P 0, y meri ^n9 the vinyl monomer mixture (c) in the presence of 

the rubber polymer (b). However, the whole of the vinyl monomer mixture (c) need not be grafted, and a mixture with 
an ^grafted copolymer is generally used as the graft copolymer (B). The graft ratio of the graft copolymer (B) is not 

10 LlooTbTweignr" 0 " 1 ° ,the impaCt reSiStanCe ' rati ° fe <»% "y weight, ™ fS^S 

[ton 6 5L ZZ Tth KK° int 1 mechanical stre "9 th - the color tone moldability of the obtained resin composi- 
70% by weight rUbber P °' ymer ,n the 9^ copolymer (B) is preferably 5 to 80% by weight, more preferably 20 to 

A ' th0 K 9h ^ 9 "? P o| y merization method for Producing the graft copolymer (B) is not limited, the graft copol- 
* h I V deSired meth ° d SUCh 83 the emUlsi0n P 0| ymerization method, the suspension po- 
STST T n • , S C ° nt ;" UOUS bulk Polarization method, the continuous solution polymerization method or 
the l,ke. The graft copolymer (B) ,s preferably produced by the emulsion polymerization method orthe bulk polymeri- 
ItZ m l Pa 1 rt ' eularly ' the graft ^polymer (B) is most preferably produced by the emulsion polymerization method 
troSfnodetri?; ^l-fer content and the moisture content of the graft copolymer (B) can easily be controned for con 
trotag defeneration and colonng of the rubber component due to excessive thermal history, and controlling hydrolysis 
of the unsaturated carboxylic acid alkyl ester monomer (a2) in the step of melt kneading with the copolymer^) 

°J 1] h . general f muls ' on Polymerization, the monomer mixture is emulsified and graft-polymerized in the presence 
ofarubberpofymerlatex.Theemulsifierusedintheemulsiongraft polymerization is not limited and various surfactant 
and fheTke an '° niC SUrfaCtantS SUCh as a ^oxytete salt type, a sulfate ester type, a sulfonate salt type, 

E°Z 2 L EX ! mP 'l S ° f , SUCh emulsifiers include oaptylate salts, caprate salts, laurate salts, myristate salts, palmitate 
sate, stearate salts, oleinate salts, linolate salts, rhodinate salts, behenate salts, sulfate esters of caster o5 sulfate 
esters of laury alcohol, sulfate esters of other higher alcohols, dodecylbenzenesulfonate salts, alkylnaphtha'ienesul- 
fona e sa te, a.kyldiphenyletherdisulfonate salts, condensation products of naphthalehesulfonate :JSSSSSL 
£2 £ * P°^ ox y eth y |enelaur yteullate salts, polyoxyethylenealkylethersulfonate salts, polyoxyethylenealklylphe- 
ny ethe^ulfonate satts, and the like. The salts include alkali metal salts, ammonium salts. Examples of the a.kaH metal 
nf l'^r 6 a P ° aSS ff' 8 S ° diUm Sa,t 3 ' ithiUm Salt ' and the like - Partic "'ai-Iy, potassium salts and sodium salts 

« KSI I? 3C : aCid P referab| y used - These emulsifiers are used singly or in a combination of 

di teasi iwo compounds. 

^ 7 V AS Tl initiat ° r thS Ch3in tranSf6r 3gent Which Can be used for emulsion araft Polymerization, any of the 
initiators and chain transfer agents described above for production of the copolymer (A) can be used, and the initiator 
can also be used in a redox system. 

[0074] Next a coagulating agent is added to the graft copo(ymer (B) produced by emu|sion aft p 0 | ymerj z ation t0 
coagulate the latex and recover the graft copolymer (B). As the coagulating agent, an acid or a water-soluble salt is 
used. Examples of the coagulating agent include sulfuric acid, hydrochloric acid, phosphoric acid, acetic acid, calcium 
chloride, magnes.um chloride, barium chloride, aluminum chloride, magnesium sulfate, aluminum sulfate, aluminum 
ammonium sulfate, aluminum potassium sulfate, aluminum sodium sulfate, and the like. These coagulating agents are 
used singly or in a combination of at least Iwo compounds. When an acid is used as the coagulating agent, it is then 
neutralized with an alkali. The graft copolymer (B) slurry obtained by coagulating the latex can be used as it is Or in 
the shape of a slurry orwet cake after a dehydration and washing step. However, from the viewpoint of handling property 
rn the step, the slurry is preferably passed through the step of dehydration, washing, re-dehydration and drying to form 
a powder which is then added to the copolymer (A) in the melt state. 

[0075] In adding to the copolymer (A), the amount of the emuisifier contained in the material of the graft copolymer 
(B) is preferably 0.1 to 5% by weight, more preferably 0.1 5 to 2% by weight, in order to control hydrolysis reaction of 
the unsaturated carboxylic acid alkyl ester monomer (a2) during the step to set the acid value of the acetone soluble 
resin component of the obtained resin composition in the predetermined range of the present invention. It is conven- 

.onally unknown that the emuisifier can be used for controlling hydrolysis of a polymer, and thus it is generally thought 
that the emuisifier must be excluded from resin products as much as possible. However, in the present invention as 

he effecbve means for controlling the acid value of the acetone soluble resin component of the resin composition in 
the predetermined range, the emuisifier is positively contained in the above range 

[0076] The method of controlling the emuisifier content of the graft copolymer (B) in the predetermined range is not 
limited. For example, the intended emuisifier content can be obtained by controlling the number of times of dehydration 
and washing of the graft copolymer (B) slurry after coagulation, the temperature of washing water, and the amount of 
washing water. Alternatively, the emuisifier content can be controlled by, for example, separately adding the emuisifier 
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to the graft copolymer (B). 

[0077] The moisture content (moisture percentage) of the graft copolymer (B) added to the copolymer (A) is preferably 
0.1% or more by weight and less than 5% by weight, more preferably 0.1 5 to 2% by weight, in order to control hydrolysis 
reaction of the unsaturated carboxylic acid alkyl ester monomer (a2) during the process to set the acid value of the 

5 acetone soluble resin component of the obtained resin composition in the predetermined range of the present invention. 
[0078] Although the method of controlling the water percentage of the graft copolymer (B) in the predetermined range 
is not limited, the desired water percentage can be obtained by, for example, controlling the dehydration time, the 
drying temperature and the drying airflow rate forthe graft copolymer (B). Alternatively, the moisture percentage can 
be controlled by, for example, separately adding water to the graft copolymer (B). 

10 [0079] The graft copolymer (B) can also be produced by the bulk polymerization method. In production by the bulk 
polymerization method, the graft copolymer (B) in a melt state after being discharged from the monomer remover can 
be added directly to the copolymer (A), or the graft copolymer (B) previously isolated can be added to the copolymer 
(A). However, from the viewpoint of prevention of thermal deterioration and continuation of the process, the graft co- 
polymer (B) in the melt state after being discharged from the monomer remover is preferably added directly to the 

15 copolymer (A). 

[0080] The method of blending the copolymer (A) and the graft copolymer (B) is not limited, but from the viewpoint 
of the color tone and impact resistance, it is preferable to select the method comprising adding the graft copolymer (B) 
to the copolymer (A) in the melt state in the course of the continuous bulk polymerization process orcontinuous solution 
polymerization process, and then melt-blending both copolymers. At this time, preferably, 5 to 90% by weight of the 

20 graft copolymer (B) is added to 1 0 to 95% by weight of the copolymer (A) in the melt state, and more preferably 5 to 
70% by weight of the graft copolymer (B) is added to the 30 to 95% by weight of the copolymer (A), followed by melt 
blending. The graft copolymer (B) is preferably continuously added. In this method, in order to suppress deterioration 
of the rubber component due to thermal history in the subsequent monomer removing operation to further improve the 
color tone and impact resistance, the graft copolymer (B) is more preferably added to the copolymer (A) when the 

25 amount of the residual monomer is 1 0% by weight or less, preferably 5% by weight or less, in the course of the monomer 
removing step or afterthe monomer removing step of the continuous bulk polymerization process of the copolymer (A). 
[0081] In order to further facilitate control of hydrolysis reaction of the unsaturated carboxylic acid alkyl ester monomer 
(a2) during the step, 0.1 to 5% by weight of water is preferably added to the resin composition in the melt kneading 
step afterthe copolymer (A) and the graft copolymer (B) are blended. 

30 [0082] In order to sufficiently express the physical properties such as impact resistance, etc., melt blending is pref- 
erably carried out after the graft copolymer (B) is added to the copolymer (A). The melt blending may be carried out 
during addition and blending or after isolation of the mixture, for example, during melt molding. 
[0083] The method of adding the graft copolymer (B) is not limited, and the graft copolymer (B) can be added by any 
desired method. The graft copolymer (B) is generally continuously added by using any of various feeders such as a 

35 belt-type feeder, a screw-type feeder, a single screw extruder, a twin screw extruder, and the like. However, the single 
screw extruder or twin screw extruder with the discharge end connected to the monomer removing extruder for the 
copolymer (A) is preferably used. Such a continuous addition apparatus preferably has a structure for feeding a pre- 
determined amount of resin. Also, the continuous addition apparatus preferably comprises a heating device so that 
the graft copolymer (B) in a semi-melt state or melt state is added for improving the blending state. More specifically, 

40 the graft copolymer (B) is preferably heated so that the temperature is 1 00 to 220°C atthe time of supply to the monomer 
remover. For this purpose, the extruder comprising the heating device can be used. 

[0084] The resin composition of the present invention can be produced by, for example, using the producing appa- 
ratus shown in Figs. 1 and 2. 

[0085] Fig. 1 is a schematic longitudinal sectional view showing an apparatus for carrying out the method of the 
45 present invention according to an embodiment of the present invention. In this apparatus, a reaction vessel (1) for 
producing the copolymer (A) by continuous bulk polymerization of the vinyl monomer (a), apre-heater (2) for maintaining 
the copolymer (A) obtained by polymerization in a melt state at a predetermined temperature , and a twin screw extruder 
type monomer remover (3) having some vent ports for removing monomers are connected in turn. Furthermore, a twin 
screw extruder type feeder (5) for adding the graft copolymer (B) is connected in tandem to the monomer remover. 
50 Fig. 2 is a schematic cross-sectional view of the twin screw extruder type monomer remover (3) in which screws 15 
and 15' are provided. 

[0086] In Fig. 1 , the reaction product continuously supplied from the reaction vessel (1 ) is maintained in a melt state 
at about 150 to 280°C by the pre-heater (2), and then supplied to the twin screw extruder type monomer remover (3) 
for removing the volatile components such as the monomers to the outside of the system through the vent port 1 2 at 
55 about 150 to 300°C and at atmospheric or reduced pressure. The volatile components are removed until the amount 
of the unreacted monomers becomes the predetermined amount for example, 10% by weight or less, preferably 5% 
by weight or less. 

[0087] In Fig. 1 , a port for addition from the feeder (5) is open at an intermediate position of the monomer remover 
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15 



(3) near the downstream side so that the graft copolymer (B) of a predetermined temperature (about 100 to 220°C) is 
added to the system. As the feeder (5), the twin screw extruder type feeder, and various feeders such as a belt-type 
feeder, a screw-type feeder and the like can be used for continuously quantitatively adding the resin The feeder (S) 
also comprises a heater for maintaining the added graft copolymer (B) in a melt state or a semi-melt sate in which the 
copolymer is incompletely melted. Namely, in feeding to the monomer remover, the graft copolymer (B) is preferably 
heated to a temperature of 100 to 220°C to improve the mixing state. For example, a screw, a cylinder and a screw 
driving unit are preferably provided, the cylinder having a structure heating and cooling function. As the feeder a sinqle 
screw or twin screw extruder type feeder having a heater can also be used. 

!o?? 8 L SUPP ' y P ° rt ° f the 9raft co P°'y mer < B > ma V be P r ^ided at an intermediate position of the monomer remover 
(3) Jn th.s case, the graft copolymer (B) is preferably supplied at the step in which the amount of the unreacted monomer 
,s decreased to 1 0% by weight or less, more preferably 5% by weight or less, in order to prevent thermal deterioration 
of the rubber component in the subsequent operation of removing the unreacted monomer and further improve the 
color tone and impact resistance of the obtained resin composition. 

[0089] In Fig. 1 , the copolymer (A) and the graft copolymer (B) are transferred while being melted and kneaded at 
a temperature of 230°C or more in the melt blending portion (4) of the twin screw extrudertype monomer remover (3) 
The inner wall (16) of the barrel of the twin screw extrudertype monomer remover (3) has a sectional shape in which 
two circles are connected to each other with overlapped portions, as shown in Fig. 2. The monomer remover (3) com- 
poses the two screws 15 and 15' provided therein to be rotated with the centers of the respective circles as axes Since 
the two screws 15 and 15' are rotated at the same speed with a predetermined phase difference, the resin composition 
20 is transferred to a discharge port (6) while being mixed by rotation of the screws. 

[0090] In the present invention, from the viewpoint of the transparency, appearance, color tone, impact resistance 
of the resultant rubber-reinforced styrene transparent resin composition, the actual volume V of the melt blendinq 
portion (4) in which the copolymer (A) and the graft copolymer (B) are transferred while being melted and mixed the 
moving velocity v and temperature T are preferably set to satisfy the predetermined conditions (the conditions© and 
below). The melt blending portion (4) extends from the position (the center thereof) where the port for addition from 
the twin screw extrudertype feeder (5) is open to the discharge port (6). 

[0091J The actual volume (Vm3) of the melt blending portion (4) in the apparatus is represented by the value obtained 
by subtracting the screw volume present in the melt blending portion (4) from the barrel volume in the melt blendinq 
portion (4). The moving velocity (v kg/h) means the discharge rate of the resin composition discharged from the melt 
blending portion (4) to the outside of the system. The temperature (T°C) means the set temperature in the melt blending 
portion (4). 3 



25 



30 



40 



45 



50 



55 



4,60 x 10" 6 < V/v < 1 1.50 x 10' 6 (m 3 -h/kg) © 



T>230(°C) © 

[0092] More preferably, 



6.15x10" < V/v < 9.40 x10" 6 (m 3 .h/kg) ©' 

[0093] From the viewpoint of a kneading property, the temperature (T°C) of the melt blending portion (4) is preferably 
230'C or more, and more preferably 235 to 300*C. The resin temperature of the graft copolymer (B) before being 
added to the melt blending portion (4) is preferably 1 00 to 220»C, and particularly preferably 220°C or less in the melt 
or semi-melt state. The temperature of the copolymer (A) before reaching the melt blending portion (4) is not limited 
but it is preferably about 150 to 300°C. 

[0094] From the viewpoint of controllability of hydrolysis of the resultant rubber- reinforced styrene transparent resin 
composition, the melt blending portion (4) preferably comprises a water inlet (13) for adding a predetermined amount 
of water. The added water and the residual monomer are evaporated from the vent port (14) provided on the downstream 
side. 

[0095] In the present invention, from the viewpoint of the color tone stability of the thermoplastic resin composition 
the ratio of a tnple sequence of acrylonitrile monomer units present in the acetone soluble resin component of the resin 
composition is preferably 10% by weight or less relative to the amount of the acetone soluble resin component The 
triple sequence of acrylonitrile monomer units represents a segment in a copolymer contained in the acetone soluble 
resin component, which is represented by the following Formula 1 . When the copolymer containing the segment is 
exposed to high temperature, intramolecular cyclization reaction proceeds to cause coloring according to the following 
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Formula 2. 
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20 



30 
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55 



- CH: -CH.- CHj — C H — CH, — CH — 

L I I Formula 1 

CN CN CN 



— CH? — CH— CH: — C H —CHj — CH — 

! I I 

C C C Formula 2 

\ S \ ^ "X. ^ \ 

N N N 



[0096] From the viewpoint of color tone stability, the ratio of the triple sequence is preferably less than 8% by weight, 
and more preferably 5% by weight or less. The resin composition in which the ratio of the triple sequence of acrylonitriie 
monomer units of the acetone soluble resin component is controlled to 1 0% by weight or less can be achieved by, for 
example, using the copolymer (A) in which the ratio of the triple sequence of acrylonitriie monomer units is controlled 
to 10% by weight or less. 

[0097] In the present invention, in adding and mixing the graft copolymer (B) to and with the copolymer (A) in the 
melt state, a pel letized thermoplastic resin (C) is preferably previously added to the graft copolymer (B), and then mixed 
25 in a semi-melt or melt state, and then the resultant mixture is mixed with the copolymer (A). This method can suppress 
fusion of the graft copolymer (B) and a failure in re-dispersion when only the graft copolymer (B) is put into the semi- 
melt or melt state, thereby improving the appearance, color tone, impact resistance, stiffness and transparency of the 
obtained resin composition. 

[0098] In the present invention, "pelletized thermoplastic resin" means a resin having a so-called pellet shape ob- 
tained by cooling and cutting the resin melt-discharged from the extruder or the like, and is distinguished from a powder 
resin obtained by emulsion polymerization and coagulation without a melting and solidification step, and a beads resin 
obtained by suspension polymerization. 

[0099] In the present invention, the shape of the pelletized thermoplastic resin (C) is not limited, but in orderto obtain 
the balance between the appearance, color tone, impact resistance and stiffness, and improve transparency, the av- 
erage particle diameter of the pelletized thermoplastic resin (C) is preferably 1 to 10 mm. With an average particle 
diameter in this range, the material transfer property and mixing state in addition and mixing of the pelletized thermo- 
plastic resin (C) to and with the graft copolymer (B) can be improved to further improve the effect of the present invention. 
From the viewpoint of the balance between the appearance, color tone, impact resistance and stiffness, and transpar- 
ency, the average particle diameter of the pelletized thermoplastic resin (C) is preferably 1 .5 to 7 mm, more preferably 
1 .8 to 5 mm, and most preferably 2 to 4 mm. 

[0100] The material of the pelletized thermoplastic resin (C) is not limited as long as it has compatibility with the graft 
copolymer (B) and the copolymer (A). However, from the viewpoint of the appearance, color tone, impact resistance 
and stiffness, and transparency, particularly, the thermoplastic resin preferably comprises a copolymer (C1) obtained 
by polymerizing a vinyl monomer mixture comprising at least one monomer selected from aromatic vinyl monomers, 
vinyl cyanide monomers, unsaturated carboxylic acid ester monomers, and vinyl monomers copolymerizable with these 
monomers, and/or a graft copolymer (C2) obtained by graft-polymerizing a vinyl monomer mixture comprising at least 
one monomer selected from aromatic vinyl monomers, vinyl cyanide monomers, unsaturated carboxylic acid ester 
monomers, and vinyl monomers copolymerizable with these monomers in the presence of a rubber polymer. Particu- 
larly, from the viewpoint of compatibility with the graft copolymer (B) and the copolymer (A), the pelletized thermoplastic 
50 resin (C) is preferably obtained by continuously or intermittently extracting a portion, or intermittently extracting the 
whole, of the resultant resin composition or the copolymer (A) obtained without adding the graft copolymer (B). 
[0101] Although the equipment for feeding the pelletized thermoplastic resin (C) is not limited, the equipment pref- 
erably a combination of an equipment for continuously or intermittently extracting a portion, or intermittently extracting 
the whole, of the resultant resin composition orthe copolymer (A) from the line for transferring the material as a product, 
an equipment for storing the extracted pelletized thermoplastic resin (C), and an equipment for continuously supplying 
to the feeder for feeding the graft copolymer (B) to the copolymer (A) in the melt state. 

[0102] The amount of the pelletized thermoplastic resin (C) added is not limited, butfrom the viewpoint of the ap- 
pearance, color tone, impact resistance and stiffness of the obtained resin composition, transparency and productivity, 
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mSr^SZT* \ ^l by W6,ght ' m ° re Pref6rably 5 10 25% by wei 9 ht - relative t0 the ^aft copolymer (B). 

? """P 0 **™ «* the present invention may further contain vinyl chloride; a polyolefin such as poly- 
'^ene, orthe like; a po.yamide such as nylon-6, nylon 66, orthe like: a poivestersuoh as polyeThyle e 
erephthalate polybuty.ene terephthalate, polycyclohexanedimethyl terephthalate. or the like- polycarbonate efas- 

oomooi " k f e 'r iCh addSd impr ° Ving the P erf0 — - a molding resin. Also'. 5 re'quSd the « h 
composition may further conta.n various stabilizers such as an antioxidant such as a hindered phenol type a suTu 
contamtng organic compound, a phosphorus-containing organic compound, orthe like, a thermal stabilizer such as a 
phenol type, an acry.ate type, or the like; an ultraviolet absorber such as a benzotriazole type, a bJn££££! 
a salicylate type, or the like; and a light stabilizer such as an organonickel type, a hindered amine type or theliS a 

3 t hi9her t !f tt r v aC, ' d T etBl 9 hi9her ^ 3Cid amid6 ' ° r the lik * a P'asticizer such as phthalate 
ester phosphate ester or the like; a frame retardant or frame retardant auxiliary such as a halogen compound such 
as polybromod.pheny. ether, tetrabromobispheno, A, brominated epoxy oligomer brominated pofylarbonToMgom" 
black Sli phOSP ri hOm " on ;P 0lJ " d ' antimon V o^he like; an antistatic agent; a pigment or dye such as carbon 

black, titan.urn ox,de or the hke. The method of adding these additives is not limited, and the additives can be added 

LIZh'T T meth ° d ° f Continuous, y addi "9 the ^ditives together with the graft copolymer 

[0104] The thus-obtained resin composition of the present invention has excellent transparency, color tone impact 
resistance, st.ffness, and chemical resistance, and the excellent mechanical strength balance between impact resist- 

o a f?ous n eho^ T; m °! dab ?" aPd C ° St Perf0rmance T ^«™> ^e rosin oomposiL can be w*&IZff.Z. 
of household electrical goods, communication-related equipment, general merchandise etc 

™«f ^ IS °' th6 reSi " com P° sition can be efficiently produced by the method of the present invention 
[0106] The present invention will be described in further detail below with reference to examples and comparative 
examples, but the present invention is not limited to these examples. In description below, "%« means »% by weight" 
and parts means "parts by weight' unless otherwise specified. 

[0107] The analysis methods of properties of the resin composftion and properties of each resin component of the 
e[fw?rr^ 

etc. were measured by using a test piece formed by injection molding according to the test methods below. 

(1) Weight average rubber particle diameter of the rubber polymer 

The sodium alginate method described in "Rubber Age Vol. 88, p. 484-499 (1 960), by E. Schmidt P h Bidd- 
JSLTT T 61 "' thefaCtthat the P articte diame <er of creamed polybutadiene depends upon the concen- 
tration of sodium algmate was employed for determining the particle diameter at a cumulative weight percentage 

wefcht' perceiTge C ° nCentrati ° n ° f 50% from the wei 9 ht ratio of the creamed Polybutadiene and the cumulative 

(2) Graft ratio of the graft copolymer (B) 

, 1 °° ^lo! 10 ? ^ add6d t0 3 P redetermined a ™ un * (m; about 1 g) of the graft copolymer (B) dried under 
H «1Z T rSflUXed " 3 h ° 1 Water bath ° f 7 °° C f -3 hours. Then, the resultant solution was 
oentnfuged at 8800 rpm (1 0000 G) for 40 minutes, and the insoluble material was filtered off and dried under 
vacuum at 80°C for 4 hours, followed by measurement of the weight (n). The graft ratio was calculated according 
to the following equation wherein L was the rubber content of the graft copolymer. 
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Graft ratio (%) = {[(n) - (m) x L]/[(m) x L]} x 1 00 

(3) Emulsifier content of the graft copolymer (B) 

About 20 g of the graft copolymer (B) dried under vacuum at 80°C for 4 hours was weighed and a 10-fold 
amount of 10% sulfuric acid was added thereto, followed by boiling in a 500-ml beaker for 30 minutes After the 
mixture was filtered with a 1 00-mesh wire mesh to obtain the residual solid, the solid was washed in 200 ml of ion- 
exchanged waterfor 1 minute and then filtered off two times each. The solid was divided into two parts which were 
then respectively placed in round-bottom flasks. Then, 100 ml of methanol was added to each of the flasks and 
refluxed in a hot water bath set to 70°C for 3 hours. The solution and the solid were centrifuged at 8800 rpm (1 0000 
G) for 40 minutes, and the supernatant was filtered. The resultant filtrate was evaporated to dryness and further 
dried under vacuum at 80°C for 4 hours to obtain a solid. The thus-obtained solid was precisely weighed as the 
emulsifier contained in the graft copolymer (B), and the emulsifier content was calculated 

(4) Moisture percentage of the graft copolymer (B) 

A measurement sample was precisely weighed, and measured by using a Karl Fischer moisture meter. 

(5) Reduced viscosity T) sp /c of the copolymer (A) 
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A measurement sample was dissolved in methyl ethyl ketone, and the reduced viscosity t|gp/c was measured 
at 30°C by using a 0.4 g/1 00 ml methyl ethyl ketone solution and an Ubbelohde viscometer. 
(6) Reduced viscosity r\ sp /c of the graft component (d) 

200 ml of acetone was added to 1 g of the graft copolymer (B) dried under vacuum at 80°C for 4 hours, and 

5 refluxed in a hot water bath of 70°C for 3 hours. The solution was centrif uged at 8800 rpm (1 0000 G) for 40 minutes, 

and the insoluble material was filtered off. The resultant filtrate was concentrated by a rotary evaporator, and the 
precipitate was dried under vacuum at 80°C for 4 hours. The precipitate was dissolved in methyl ethyl ketone, and 
the reduced viscosity T)sp/c was measured at 30°C by the same method as described above in (5) using a 0.4 g/ 
100 ml methyl ethyl ketone solution and the Ubbelohde viscometer. 

10 (7) Monomer composition of the acetone soluble resin component 

100 ml of acetone was added to the resin composition, and refluxed in a hot water bath of 70°C for 3 hours. 
The solution was centrifuged at 8800 rpm (1 0000 G) for 40 minutes, and then the insoluble material was filtered 
off. The resultant filtrate was concentrated by a rotary evaporator, and the precipitate was dried under vacuum at 
80°C for 4 hours. The thus-obtained acetone soluble resin component was formed in a film having a thickness of 

15 30 ± 5 urn by heating press set to 220°C. The film was used as a sample and measured by FT- IT analysis to 

determine the monomer composition from the area of each of the peaks appearing in the obtained chart. The 
monomers and the peaks have the following correspondences: 

Methyl methacrylate monomer unit: Peak at 3460 cm-1 which is an overtone peak of the peak at 1730 cm' 1 
20 attributed to stretching vibration of the ester carbonyl group C=0; 

Methacrylic acid monomer unit: Peak at 1690 cm' 1 attributed to stretching vibration of the carboxylic acid 
carbonyl group C=0; 

Styrene monomer unit: Peak at 1605 cm" 1 attributed to vibration of the benzene nucleus; 
Acrylonitrile monomer unit: Peak at 2240 cm' 1 attributed to -C=N stretching. 

25 

(8) Wst^mma) distribution of the acetone soluble resin component 

80 ml of methyl ethyl ketone was added to 2 g of the sample of the acetone soluble resin component obtained 
by the same method as (7), and the resultant mixture was allowed to stand at room temperature for 24 hours to 
form a solution. Then, cyclohexane was added slowly to the solution, and the weights of the precipitated vinyl 

so copolymers were successively measured. The thus-obtained precipitates were used as samples, and the monomer 

composition was determined by FT-I R by the same method as (7). Then , the weight ratio ■(♦ S t / *mma) of tne content 
of the aromatic vinyi monomer (a1 ) to the content of the unsaturated carboxylic acid alkyl ester monomer (a2) was 
plotted against the cumulative weight percentage of the precipitates relative to the acetone soluble resin component 
used as the sample. The ratio (% by weight) of the acetone soluble resin component lying in the range of 0.75 to 

35 1 .2 times as large as the average weight ratio of the whole acetone soluble resin component was determined. 

(9) Acid value of the acetone soluble resin component 

1 00 ml of acetone was added to 1 0 g of the resin composition, and refluxed in a hot water bath of 70°C for 3 
hours. The resultant solution was centrifuged at 8800 rpm (1 0000 G) for 40 minutes, and then the insoluble materia! 
was filtered off. The filtrate was slowly poured into 2 L of methanol under stirring at room temperature to cause 

40 reprecipitation, and the supernatant was removed to obtain a precipitate. The thus-obtained precipitate was dis-. 

solved in 200 ml of acetone, and reprecipitated with 2 L of methanol, and the obtained precipitate was dried under 
vacuum at 80°C for 4 hours to obtain a solid (acetone soluble resin component) . These operations were performed 
for several samples to obtain the acetone soluble resin component. About 1 0 g of the acetone soluble resin com- 
ponent was precisely weighed, and placed in a 100-ml stoppered conical flask. Then, 40 mi of acetone was added 

45 to the flask and stirred for 2 hours to form a homogenous solution. Then, three droplets of phenol phthalein solution 

were added to the solution to perform neutralization titration with 1/1 ON KOH. The acid value was calculated by 
using the titration value according to the following equation. Neutralization titration of acetone stirred for 2 hours 
was also performed by the same method as the measurement sample, and the titration value was used as a blank 
for correcting the titration value of the sample. 

so 

(X -X 0 )x 5.61 x 0.1 
Acid value = ^— ^ (mg KOH/g) 

55 in the above equation, X is the titration value (ml), X 0 is the blank titration value, and W is the sample amount (g). 

(1 0) Acid value of the vinyl monomer mixture 

The acid value was measured by the same method as (9) except that the vinyl monomer mixture was used 
as a sample in place of the acetone soluble resin component. 
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(11) Ratio of a triple sequence of acrylonitrile monomer units of the acetone soluble resin component 

The acetone soluble resin component obtained by the same operation as (7) was used as a sample and 
measured by i* C -NMR. The ratio of the triple sequence was determined from the signal integral value by utilizing 
the fact that the signal shift of a-carbon of an acrylonitrile monomer unit slightly varies with the type of adjacent 
monomers, and indicated as the weight percentage of the acrylonitrile monomer units at the centers of the triple 
sequences in the total monomer units. The measurement conditions were as follows. 

Apparatus: JEOL LNM-GSX400 model 

Observation frequency: 100.5 MHz 
10 Solvent: DMOS-d 6 

Concentration: 445 mg/2.5 rnL 

Chemical shift reference: Me 4 Si 

Temperature: 110° C 

Observed range: 20000Hz 
15 Data point: 32K 

Rip angle: 90 (21 s) 

Pulse delay time: 5.0 s 

Number of integrations: 7400 or 8400 

Decoupling: Gated decoupling (without NOE) 
20 Attribution of acrylonitrile sequence (A: acrylonitrile, 

S: styrene): -A-A-A- 118.6 to 119.2 ppm 

-A-A-S- 119.3 to 120.2 ppm 

-S-A-A- 120.2 to 121 .3 ppm 
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(12) Ratio of atriple sequence of acrylonitrile monomer units in the copolymer (A) 
The same operation as (8) was repeated except that the copolymer (A) was used in place of the acetone 

soluble resin component. 

(13) Refractive index of the copolymer (A) , graft component (d) or acetone soluble resin component 
A small amount of 1-bromonaphthalene was added dropwise to a measurement sample and the refractive 

index was measured by using an Abbe refractorneter under the following conditions: 

Light source: Sodium lamp D line 
Temperature: 20°C 

As asample of the graft component (d), the precipitate dried undervacuum and obtained by the same method 
35 as (6) was used. 

As a measurement sample of the acetone soluble resin component, the acetone soluble resin component 
obtained by the same method as (7) was used. 

(14) Refractive index of the rubber polymer (b) 

, J h * Val " eS be,OW obtalned f rom documents were used. For the copolymer rubber, the rubber was identified 
by FT-I R and v.scoelasticity measurement, etc., and the refractive index was determined from the copolymer com- 
ponents according to the following equation: 

Refractive index of polybutadiene: 1 .516 

n D = 1 .516M pB + 1 ,594M ps + 1 ,516M PA 

wherein; 

50 n D : refractive index of copolymer rubber; 

M PB : butadiene content (wt%) ; 
M ps : styrene content (wt%); and 
M PA : acrylonitrile content (wt%). 

(15) Color tone (Yl value) of the resin composition 
Measured according to JIS K7103. 

(16) Transparency of the resin composition (total light transmittance, haze value) 
A molding machine IS50A produced by Toshiba Co., Ltd., in which the cylinder temperature was set to 

250°C, was filled with pellets of the resin composition, which was dried in a hot air dryer of 80°C for 3 hours 
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and a sectoral molding (thickness 3 mm) was immediately molded. The total light transmittance and haze 
value were measured by using a direct-reading haze meter produced by Toyo Seiki Co., Ltd. 

(1 7) Izod impact strength of the resin composition 
Measured according to ASTM D256 (23°C, with a notch). 

(1 8) Tensile strength of the resin composition 
Measured according to ASTM 638. 

(19) Chemical resistance 

As shown in Fig. 4, a test piece (1 27 x 12.7 x 1 .5 mm) 1 9 obtained by press molding was fixed along a 1/4 
elliptical tool 1 8, and then a chemical (ethanol, isopropanoL or a liquid detergent "Top") was coated over the entire 
surface of the molded product. A paper wiper ("Kimwipe" produced by Kresia Co., Ltd.) was placed oh the product, 
and sufficiently infiltrated with the chemical. In order to suppress evaporation of the chemical, the molded product 
was placed in a plastic bag together with the 1/4 elliptical tool 18, and closely sealed. The bag was allowed to 
stand at 23°C for 24 hours, and then the occurrence of crazes and cracks was confirmed. The long axis length of 
the crack point (X mm) was measured, and critical strain (e%) was calculated by the following equation. In evalu- 
ation, a value of critical strain of less than 0.5% was marked with x, a value of critical strain of 0.5% to 1 .0% was 
marked with A, a value of critical strain of 1 ,0% to 2.0% was marked with O, and a value of critical strain of over 
2.0% was marked with® . 



However, the symbols in the above equation and Fig. 4 are as follows: 

e: Critical strain (%) 

a: Long axis of the tool (mm) [127 mm] 

b: Short axis of the tool (mm) [38 mm] 

t: Thickness of the test piece (mm) [1 .5 mm] 

X: Long axis length of crack point (mm) 

(20) Actual volume of the melt blending portion in apparatus, V (m 3 ) 

In the melt blending apparatus shown in Fig. 1 , the melt blending portion extends from the center of the port 
for addition from the twin screw extruder feeder (5) to the discharge portion (6). In the melt blending apparatus (4) 
shown in Fig. 3, the whole apparatus corresponds to the melt blending portion. The volume of the barrel in the 
melt blending portion was determined, and the screw volume in the melt blending portion was subtracted from the 
barrel volume to determine the actual volume in the apparatus [V (m 3 )]. 

(21) Moving velocity of the resin composition finally discharged, v (kg/h) 

The polymer discharged within a predetermined time was dried, and weighed, and the polymer moving velocity 
v (kg/h) was determined by weight/time. 

(22) Appearance 

30 g of pellets were held between upper and lower molds in a heating press controlled to 220°C, and maintained 
for 3 minutes. Then, the ends of the melted sample were stretched to form a film, and the appearance was evaluated 
by visually observing the amount of spots (fish eye) based on the criteria of excellent (® ), good (O), possible (A), 
and poor (x). 

(23) Average particle diameter of pellets 

The average particle diameter is determined by measuring the lengths of each pellet in the perpendicular three 
directions (length, width and height) and averaging the measurements to determine the particle diameter of the 
pellet, and further averaging the particle diameters of 50 pellets. 
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[REFERENCE EXAMPLE] 
(B) Graft copolymer 

8°5°/ f ] 1 so "nl? ^ t ? rmS °! S0 "' d C ° ntent) ° f PO'y^fena Wer particle diameter 0.3 »xm. gel content 
Sat 0 0? o? rt of P feIrol ', f f fofTnaldeh ^ -'^-ylate, 0, part of sodium elhylenediamine tel a 

celate, 0.01 part of ferrous sulfate, and 0.1 part of sodium phosphate were placed in a reactor. After nitrogen ourae 
the temperature was controlled to 65°C, and a mixture of 11 .5 parts of styrene, 4.0 parts of acryloSile S 5 oS 

and ££5 o^T f ' 8 m ^ ° f 0 25 Part ° f CUmSne 2.5 parts of sodium oleate as an emulsifier 

and 25 parts of pure water was continuously added dropwise to the reactor over 5 hours. After dropwise addition he 
reactor was maintained for 1 hours to terminate polymerization. aropw.se addition, the 

[0109] The latex product obtained by terminating polymerization was poured into 2000 parts of water of 95°C con 
taming 1 .0 part of sulfuric acid under stirring to coagulate the product, and then the product was nTuSfei J^hTs 
part of sod.um hydroxide to obtain a coagulate slurry. The thus-obtained slurry was centred wS t foTJ£ 
of water of 40°C for 5 minutes, and then centrif uged. The residue was driedTn a hot air dryer of B Sc fo 1 2 hours* 
prepare a powdery graft copolymer. The graft properties, the refractive index of the graft component the emuSllr 

mi m To o r ,StUre Percenta9e ° f thS ° btain6d 9raft C0 ^ er < B " 1 > ™* as shown in Table 1 
mlthl a B i : ^ ol)fme ^f 0 ^ coagulation, neutralization, washing, drying and separation were performed by the same 
method as B-1 except that a vinyl monomer mixture having the composition shown in Table 1 and po^utXne iSex 
coIZnt th r6Par ! T C0P °' ymer (B - 2) Sh ° Wn in Tab,e 1 • The 9ratt properties, the refractive index o the gS 
in Si OT ' C ° ntent m ° iStUre ° f thS ° btained 9raft c ^y™ ( B - 2 ) -re as shown 

[0111] B-3: Polymerization, coagulation and neutralization were performed by the same method as B-1 and then 
the .resutant coagulate slurry was centrifuged. Then, the work of washing in 200C >WM«J!Z<^ViS£52 
and centnfug.ng was repeated three times. The residue was dried in a hot air dryer of 60°C for 48 hours to preoarl a 
powdery graft copolymer (B-3). The graft properties, the refractive index of the gmft component the emCLL con Znt 
SU2 e m D °fr PerCenta9e ° f thS ° btained graft c °P o| y mer ( B " s ) ware « ^own in Table 1 

method af b\ ™Th at ! 0n ' C ° agU,ation ' ™*™*z<*on, washing, drying and separation were performed by thesame 
w« u JS t exce ^ at a ™* mo "°mer mixture having the composition shown in Table 1 and polybutadiene latex 
colZlt tf f 9 C0P °' ymer (B " 4) Sh ° Wn in T3ble 1 ' The 9raft pr °P srties ' the index of the gZ 

in TableT PerCentage ° f the ° btained graft C0 P°^ (B-4) were as shown 

35 [EXAMPLES] 

[EXAMPLE 1] 

4o l Vo 3 l . USin9 8 continiJ0US bu,k Polymerization apparatus comprising a complete mixing-type polymerization vessel 

extnTd^f:'" 9 3 rf nSerf ° r eVaP ° rating reflUXin9a m0n ° mer Va P° r and he,ical *£" wingT a Se sc"w 
extruder type preheater, a twin screw extruder type monomer remover of 090 mm having a barrel length of 4 2 m and 

IT 7Z mder tyPS f6eder haVing 8 heater ' tandem ^ GOnneCted to the barrel at a iength of 14 m f mm 

the end of the monomer remover, polymerization and resin mixing were earned out 

45 mIltLri rSt 'n a ,T° n ° mar miXtUr6 containin 9 23 0 P arts °f ^rene, 8.0 parts of acrylonitrile, 69.0 parts of methyl 
methacrylate, 0.15 part of n-octyl mercaptan, and 0.01 parts of di-t-butyl peroxide was continuously fed into the po 

ticT^~ 15 °tH k9/nr ' ^'.T 6 ' bV C ° ntinU0US bU,k * a Polymerization te^eZiS^ 

130 C andthe pressure ,n the vessel kept at 0.08 MPa. The monomer conversion of the polymerization reaction mixture 
in the polymerization vessel was controlled to 74 to 76%. mixture 

so fhI!fnLII ie H POlymeriZati0n r6aCti0n miXtUrS WaS P re - heated °y the single screw extruder 1ype preheater, and then 
eZZ »Z d m m0n ° mer W3S eVa P° rated under reducad P™» ««• and recovered from the vent port of the twin screw 
v2 A^t P h T^™; r6C0V6red Unr6aCted m0n ° mer W3S co "tinuously returned to the polymerization 

vessel. At the posrtion of 1 .4 m from the outlet end of the monomer remover, 0.225 kg/hr of t-butylhydroxytoluene as 
a phenolic stab ,zer, 0.225 kg/hr of tri(nonvlphenyl) phosphate serving as a phosphoms type stabilizer and he 
copolymer B-1) produced in the reference example and heated to a semi-melt state were supplied I toTe styrS 

* acrylonrtnle/methyl methacrylate copolymer, which had an appearance monomer conversion increased to 99% ormore 
from the win screw extruder type feeder at a rate of 60 kg/hr, and melt-blended with the styrene/acrylonitrile/methvi 

TorZT" Z ' ?f ' in , tha r n ° mer r6m0Ver ' n the melt blending State ' water was su PP»« d * 2 kg/hr at a position 
of 0.7 m from the outlet end of the monomer remover. The water and other volatile components were evaporated under 
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reduced pressure and removed through the vent port provided on the downstream side of the monomer remover. Then, 
the melt polymer was discharged in a strand shape, and cut by a cutter to obtain resin composition pellets. The con- 
ditions of the melt blending portion and the evaluation results of resin properties are shown in Tables 3 and 4, respec- 
tively. 

[EXAMPLES 2 AND 4 TO 7, COMPARATIVE EXAMPLES 1 TO 3] 

[0116] The same process as Example 1 was repeated except that the monomer compositions supplied to the po- 
lymerization vessel, the types of the graft copolymers (B), the feed rate of the components and the water, were as 
shown in Table 2 to obtain resin composition pellets. The evaluation results of the resin properties are shown in Table 4. 

[EXAMPLE 3] 

[01 1.7] 0.05 part of copolymer comprising 20% by weight of methyl methacrylate, and 80% by weight of acrylamide 
was dissolved in 165 parts of ion exchanged water, and the resultant solution was stirred at 400 rpm in a stainless 
steel autoclave having a volume of 200 L and comprising a baffle and a Pfaudler stirring wing, and the system was 
replaced with nitrogen gas. Next, a mixed solution containing 23.0 parts of styrene, 8.0 parts of aery Ion itrile, 69.0 parts 
of methyl methacrylate, 0.15 part of t-dodecyl mercaptan, and 0.45 part of 2,2'-azobisbutyronitrile was added to the 
reaction system under stirring. After the temperature was increased to 58*0, polymerization was started. After the start 
of polymerization, the reaction temperature increased to 65°C over 125 minutes. After that, the temperature was in- 
creased to 1 00°C over 50 minutes. Then, cooling of the reaction system, and separation, washing and drying of the 
resultant polymer were carried out according to conventional methods to obtain beaded copolymer (A). 
[0118] The thus-obtained beaded copolymer (A) and the graft copolymer (B-1) produced in REFERENCE EXAMPLE 
were blended at each of the ratios shown in Table 2. Furthermore, 0.1 part of t-butylhydroxytoluene as a phenolic 
stabilizer and 0 . 1 part of tri(nonylphenyl) phosphate as a phosphorus type stabilizer were added to the resultant mixture, 
followed by dry blending. Then, using a twin screw extruder of 090 mm having a barrel length of 4.2 mm, a water 
injection equipment provided at a length of 1 .4 m from the outlet end and a vent provided at a length of 0.7 m from the 
outlet end, the resultant mixture was melt-kneaded at240°C under injection of water to the resin composition at a rate 
of 1% by weight, extruded and then pelletized to obtain resin composition pellets. The evaluation results of resin prop- 
erties are shown in Table 4. 

[EXAMPLE 8] 

[0119] Using a continuous bulk polymerization apparatus comprising a complete mixing-type polymerization vessel 
of 2m 3 having a condenser for evaporating and refluxing a monomer vapor and helical ribbon wings, a single screw 
extruder type preheater, and a twin screw extruder type monomer remover, polymerization was carried out. 
[0120] First, a monomer mixture containing 20.0 parts of styrene, 20.0 parts of aery Ion itrile, 60.0 parts of methyl 
methacrylate, 0.15 part of n-octyl mercaptan, 0.01 part of di-t-butyl peroxide was continuously supplied to the polym- 
erization vessel at 150 kg/hr, followed by continuous bulk polymerization at a polymerization temperature kept at 130°C 
and the pressure in the vessel kept at 0.08 MPa. The monomer conversion of the polymerization reaction mixture in 
the polymerization vessel was controlled to 74 to*76%. 

[0121] The polymerization reaction mixture was pre- heated by the single screw extruder type preheater, and then 
the unreacted monomer was evaporated under reduced pressure and recovered from the vent port of the twin screw 
extruder type monomer remover. The recovered unreacted monomer was continuously returned to the polymerization 
vessel. Then, the melt polymer was discharged in a strand shape, and cut by a cutter to obtain pellets of the vinyl 
copolymer (A). 

[0122] The thus-obtained pellets of the vinyl copolymer (A) and the graft copolymer (B-1 ) produced in REFERENCE 
EXAMPLE were blended at each of the ratios shown in Table 2. Furthermore, 0.1 part of t-butylhydroxytoluene as a 
phenolic stabilizer and 0.1 partoftri(nonylphenyl) phosphate as a phosphorus type stabilizer were added to the resultant 
mixture, followed by dry blending. Then, using a twin screw extruder of 090 mm having a barrel length of 4.2 mm, and 
comprising a water injection equipment provided at a length of 1 .4 m from the outlet end and a vent provided at a length 
of 0.7 m from the outlet end, the resultant mixture was melt-kneaded at 240°C under injection of water to the resin 
composition at a rate of 1 % by weight, extruded and then pelletized to obtain resin composition pellets. The evaluation . 
results of resin properties are shown in Table 4. 

[EXAMPLE 9] 

[0123] The same process as EXAMPLE 4 was repeated except that a continuous bulk polymerization apparatus 
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comprising a complete mixing-type polymerization vessel of 2m3 having a condenser for evaporating and refluxinq a 
monomer vapor and helical ribbon wings, a single screw extruder type preheater, and a twin screw extruder type 
monomer remover of 090 mm having a barrel length of 4.2 m, and a twin screw extruder type feeder having a heater, 
tandemly connected to the barrel portion at a length of 0.7 m from the end of the monomer remover was used and 
that water was supplied immediately after the twin screw extruder type feeder, to obtain resin composition pellets' The 
condrbons of the melt blending portion and the evaluation results of resin properties are shown in Tables 3 and 4 
respectively. 



[EXAMPLE 10] 



[0124] The same process as EXAMPLE 4 was repeated except that a continuous bulk polymerization apparatus 
comprising a complete mixing-type polymerization vessel of 2m3 having a condenser for evaporating and refluxing 
monomer vapor and helical ribbon wings, a single screw extruder type preheater, and a twin screw extruder type 
monomer remover of 090 mm having a barrel length of 4.2 m, and a twin screw extruder type feeder having a heater 
15 tandemly connected to the barrel portion at a length of 0.35 m from the end of the monomer remover was used and 
that water was supplied immediately after the twin screw extrudertype feeder, to obtain resin composition pellets' The 
conditions of the melt blending portion and the evaluation results of resin properties are shown in Tables 3 and 4 
respectively. 

20 [EXAMPLE 11] 

[0125] The same operation as EXAM PLE 9 was repeated except that a part of the obtained resin composition pellets 
were collected, and supplied as recycled pellets from the twin screw extrudertype feeder at the rate shown in Table 3 
to obtain resin composition pellets. The average diameter of the pellets used as recycled pellets was 2 4 mm The 
conditions of the melt blending portion and the evaluation results of resin properties are shown in Table 3 and 4 
respectively. 



[EXAMPLE 12] 

30 [01 26] Continuous bulk polymerization was carried out by the same method as EXAMPLE 9, and the same operation 
as EXAMPLE 1 1 was repeated except that pellets of the copolymer (A) obtained without using the graft copolymer (B) 
and the stabilizers were used as recycled pellets to obtain resin composition pellets. The pellets used as the recycled 
pellets had an average particle diameter of 2.6 mm. The conditions of the melt blending portion and the evaluation 
results of resin properties are shown in Table 3 and 4, respectively. 
35 [0127] EXAMPLES 1 to 1 2 indicate that the specified rubber-reinforced styrene transparent resin composition of the 
present invention has a physical property balance between transparency, color tone, impact resistance and stiffness 
and excellent properties. EXAMPLES 5 to 8 indicate that the monomer composition, the ratio of the triple sequence of 
acrylomtrile monomer units, and the solubility parameter of the copolymer (A) satisfy the preferred specified ranges of 
the present invention, and thus particularly, the balance between chemical resistance and color tone is excellent Fur- 
thermore, EXAMPLES 9 and 1 0 reveal that the conditions of melt blending of the copolymer (A) and the graft copolymer 
(B) satisfy the preferred specified ranges of the present invention, and thus particularly, the appearance and the balance 
between impact resistance, stiffness and color tone is excellent. EXAMPLES 11 and 12 also reveal that recycle pellets 
are used in the preferred specified condition ranges of the present invention, and thus particularly, the appearance and 
the physical property balance between impact resistance, stiffness, etc. is excellent. 
45 [0128] However, the resin compositions obtained in COMPARATIVE EXAMPLES 1 and 2 comprise acetone soluble 
resin components having acid values beyond the specified range of the present invention, and thus have a poor physical 
property balance between transparency, color tone, impact resistance and stiffness, and poor physical properties 
COMPARATIVE EXAMPLE 3 comprises the acetone soluble resin component containing a monomer composition out 
of the specified range of the present invention, and thus has poor color tone, impact resistance, transparency and 
50 appearance. 
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[0129] A rubber-reinforced styrene transparent resin composition contains a styrene copolymer reinforced with a 
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rubber polymer, wherein the monomer composition of an acetone soluble resin component contained in the resin 
composition contains 5 to 70% by weight of aromatic viny! monomer (a1 ), 30 to 95% by weight of unsaturated carboxyiic 
acid alkyi ester monomer (a2), 0 to 50% by weight of vinyl cyanide monomer (a3), and 0 to 50% by weight of another 
monomer copolymerizable with these monomers, and the acid value of the acetone soluble resin component is 0 01 
5 to 1 mgKOH/g. 



Claims 



25 



30 



fo 1 . A rubber-reinforced styrene transparent resin composition comprising a styrene copolymer reinforced with a rubber 
polymer, wherein the monomer composition of an acetone soluble resin component contained in the resin com- 
position comprises 5 to 70% by weight of aromatic vinyl monomer (a1), 30 to 95% by weight of unsaturated car- 
boxyiic acid alky! ester monomer (a2), 0 to 50% by weight of vinyl cyanide monomer (a3), and 0 to 50% by weight 
of another monomer copolymerizable with these monomers, and the acid value of the acetone soluble resin corn- 
's ponent is 0.01 to 1 mgKOH/g. 

2. A rubber-reinforced styrene transparent resin composition according to Claim 1, comprising 10 to 95 parts by 
weight of copolymer (A) obtained by copolymerizing a vinyl monomer mixture (a), and 90 to 5 parts by weight of 
graft copolymer (B) obtained by graft-polymerizing a vinyl monomer mixture (c) in the presence of a rubber polvmer 

20 (b). 

3. A rubber-reinforced styrene transparent resin composition according to Claim 2, wherein each of the vinyl monomer 
mixture (a) and the vinyl monomer mixture (c) has an acid value of less than 0.01 mgKOH. 

4. A rubber-reinforced styrene transparent resin composition according to any one of Claims 1 to 3, wherein the total 
light transmittance is 50% or more. 

5. A rubber- reinforced styrene transparent resin composition according to any one of Claims 1 to 3, wherein in the 
composition distribution of weight ratios ((^t^mma) of the aromatic vinyl monomer (a1) and the unsaturated car- 
boxyiic acid alky! ester monomer (a2), which constitute the acetone soluble resin component, 80% by weight or 
more of the acetone soluble resin component lies in the range of 0.75 to 1 .2 times as large as the average weight 
ratio (♦st^mma). 

6. A rubber-reinforced styrene transparent resin composition according to any one of Claims 1 to 3, wherein the 
difference in refractive index between the rubber polymer and the acetone soluble-resin component is 0.03 or less. 

7. A rubber-reinforced styrene transparent resin composition according to any one of Claims 1 to 3, wherein each of 
the vinyl monomer mixtures (a) and (c) is a monomer mixture comprising 5 to 70% by weight of aromatic vinyl 
monomer (a1), 30 to 95% by weight of unsaturated carboxyiic acid alkyi ester monomer (a2), 0 to 50% by weight 
of vinyl cyanide monomer (a3), and 0 to 50% by weight of another monomer copolymerizable with these monomers, 
and containing substantially no unsaturated carboxyiic acid monomer (except the unsaturated carboxyiic acid alkyi 
ester monomer (a2)) (a5). 

8. A rubber-reinforced styrene transparent resin composition according to any one of Claims 1 to 3, wherein each of 
the vinyl monomer mixtures (a) and (c) is a monomer mixture comprising 5 to 40% by weight of aromatic vinyl 
monomer (a1 ), 30 to B0% by weight of unsaturated carboxyiic acid alkyi ester monomer (a2), 1 0 to 50% by weight 
of vinyl cyanide monomer (a3) } and 0 to 40% by weight of another monomercopolymerizable with these monomers, 
and the ratio of a triple sequence of acrylonitrile monomer units present in the acetone soluble resin component 
of the resin composition is 1 0% by weight or less relative to the acetone soluble resin component. 

9. A rubber-reinforced styrene transparent resin composition according to Claim 8, wherein the solubility parameter 
of the copolymer (A) is 1 0.5 to 12.5 (cal/ml) 1/2 . 

10. A method of producing a rubber-reinforced styrene transparent resin composition according to any one of Claims 
1 to 3 and 9, the method comprising melt-blending 1 0 to 95 parts by weight of copolymer (A) obtained by copoly- 
merizing a vinyl monomer mixture (a), and 90 to 5% by weight of graft copolymer (B) obtained by graft-polymerizing 
a vinyl monomer mixture (c) in the presence of a rubber polymer (b), wherein 0.1 to 5% by weight of emulsifier is 
contained in the graft copolymer (B). 
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11 . A method of producing a rubber-reinforced styrene transparent resin composition according to Claim 1 0 wherein 
5%by ^igS ° f ^ (B > iS °' 1 % or ™ b " we ig^and lessen 



50 



f to 3 k" 9 3 rU h bber - reinforced s *™° transparent resin composition according to any one of Claims 

ooTvlH mh ■'" C ° P (A) " ° btained ^ C ° ntinU0US bU,k P o| y™^ion °' continuous solution 

Krrsrs t r y mixture (a) ' and the graft copoiymer (b » is <° ^ ****** 

(A) in a melt state and melt-blended therewith. K"'y»«« 

13. A method of producing a rubber-reinforced styrene transparent resin composition according to Claim 12 further 
ZerJZrr^V^^" 9 ^ 3fter ^ StSP ° f C ° ntinU0US bU,k P°'y-erization or continuous so C 

HZZ °h "'^ T2° mer miXtUre (3) ' WhSrein thS 9raft COp ° lymer < B > is added t0 the ™P^™r (A) in a 
melt state ,n the course of the monomer removing step or after the monomer removing step. 

14 ' i ^ h ° d th ° f Pr °^ Cin9 ; a rUbber - reinforced st >"- ene transparent resin composition according to Claim 1 3 wherein 
m adding the graft copolymer (B), theamount of the residual monomer in the copolymer(A) is 1 0% by weight ortell 

15. A method of producing a rubber-reinforced styrene transparent resin composition according to Claim 14 wherein 
assuring that the actual volume of a melt-blending portion of an apparatus, in which the copoiyTr A) andTh 

ST° f { ) ^ tranSf6rr8d Whi ' e bei " 9 melt - biended . «■ V (m3), the temperature is T ('C) and the mov ng 
velocrty of the ream composrt.on finally discharged is « (kg/h), the following conditions© and ® are satisfied 

4.60 x 10" 6 < V/v < 11. 50 x 10~ S (m 3 • h/kg) Q) 
T > 230 (° C) (g) 

16. A method of producing a rubber-reinforced styrene transparent resin composition according to any one of Claims 
1 3 to 1 5, wherein the graft copolymer (B) added to the copolymer (A) is in a semi-melt or melt state. 

17. A method of producing a rubber-reinforced styrene transparent resin composition according to Claim 16 wherein 
the temperature of the graft copolymer (B) supplied to the melt blending portion of the apparatus is 100 to 220«C. 

18. A method of producing a rubber-reinforced styrene transparent resin composition according to any one of Claims 

thl V J! ♦ a ? ' Wh6rein 0,1 t0 5% by Weight 0f water relative to the resin composition is added in 

the course of the step of melt-blending the copolymer (A) and the graft copolymer (B). 

19. A rubber-reinforced styrene transparent resin composition comprising a resin composition obtained by mixing 90 
to 5 parts by we,ght of graft copolymer (B), which is obtained by graft-polymerizing a vinyl monomer with a rubber 
polymer, with 1 0 to 95 parts by weight of copolymer (A) in a melt state in the step of continuous bulk polymerization 
or continuous so ution polymerization of a vinyl monomer mixture (a), wherein in mixing the copolymer (A) and the 
graft copolymer (B), 0.1 to 30% by weight of peptized thermoplastic resin (C) relative to the graft copolymer^ 

XhTcZlyme 6 : (aT 9raft C0PO ' ymer (B) miX9d th6reWith ^ 3 melt " S6mi - melt State ' and ^ 

20. A rubber-reinforced styrene transparent resin composition according to Claim 19, wherein the pelletized thermo- 
plastic resin (C) has an average particle diameter of 1 to 10 mm. 

21. A method of producing a rubber-reinforced styrene transparent resin composition according to Claim 19 or 20 
compnsmg continuously or intermittently taking out a part or the whole of the resin composition or the copolymer 
(A) obtained without adding the graft copolymer (B), and reusing the taken-out composition or copolymer (A) by 
adding as the pelletized thermoplastic resin (C) to the graft copolymer (B) and mixing therewith 
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